Affecting the brainwave by radiating the palm of the tester with a low-level laser array has been proposed in our previous study. The power of alpha rhythms has been increased mainly in the posterior head regions. The effect lasted at least 15 minutes after cessation of the laser stimulation. However, the effect of non-coherent light (Light Emitting Diode, LED) in similar conditions hasn't been investigated. In this study, a LED array stimulator (6 pcs LEDs, central wavelength 850nm, output power 30mW, operation frequency: 10 Hz) was designed to be the light source. An eyes-open EEG data were recorded during and after stimulation. The experimental results reveal the power of the alpha band has been enhanced with this LED array which operated in 10Hz. Significant activations were found in the parietal lobe 、 the occipital lobe and the temporal lobe (p<0.05). The experimental result reveals that LED almost has the same effect obtained from the laser.
Introduction
Medical treatment with coherent light sources (lasers) or noncoherent light (LEDs) has become mature. However, comparing to laser diode, LED is a cheaper light source. It has some special characters, for example, easy operation, adjustable intensity, and narrow bandwidth (compared to other light sources except lasers). Low power dissipation is another advantage to compare with other light sources. Recently, due to the increase of output power, LED has been used to many fields, including lighting, monitor backlight, medicine, agriculture, light communication, etc. For example, as for agriculture field, red and blue LED with pulse width modulation and phase shift method were used for plant cultivation [1] . LED has also been used in dermatology [2] .In visual stimulation, the phototherapy researches applied to season affective disorder (SAD) have been proposed [3] [4] , and the commercial white light LED (1,350 lux) has improved SAD [5] . In rat experiment, treatment with blue LED irradiation can improve the wound healing [6] . As for laser, there are many researches about the low-level laser (LLL) on medical therapy. LLL can induce the biophysical changes in many published papers. From our previous study, using LLL to radiate the left palm and observed with EEG, alpha (8-13Hz) activity increase in occipital, parietal, and temporal lobes, it showed the brain wave is influenced by LLL [7] [8] .
In this research, we use LED to replace LLL to radiate the palm and observe the brain wave change with EEG. The aim of the present study was to investigate the EEG activities affected by the stimulation of near infrared LED array stimulator (LEDAS).
Materials and methods

LED array arrangement and dose calculation
In this study, an array of LED arranged in a triangle shape was used, as shown in Fig. 1 . The LED of LEDAS was mounted in a holder to radiate the skin of the tester. The LEDAS consists of 6 LEDs. LED, model S1VS0850IR002A0Z, manufactured by Millennium Communication Co., Ltd. Taiwan, is used in this study. The central wavelength of the LED is 850nm, maximum output power is 30mW. Each LED was set at 30mW output for stimulation in this study, and the operational frequency is 10 Hz, duty cycle 50%. The light spot of LED is a circle. The area of the light spot is approximately equal to 28 mm 2 on the skin. Thus, the dosage would be approximately 32 Joules/cm 2 for 10 minutes treatment; it is insensible on operation.
Participants
Prior to the trial, t he study protocol was approved by the Institutional Ethics Committee of Min-Sheng General Hospital. Each participant was required to give written informed consent. This study was directed in conformity with the guidelines in the Helsinki Declaration. Twenty healthy university students (12 males and 8 females) who had no psychiatric disorders, cardiopulmonary disease and receiving medication were recruited in this study. To minimize the variations of gender, age and health conditions, each subject was treated with this LEDAS two times in different day. One treatment was assigned to active group (irradiated by LEDAS) and the other treatment was assigned to control group (sham LEDAS).
Experimental procedure
The "double-blind randomized trial" was used in this study. The subjects were unaware which group they were in. Each subject sat in an arm-chair and was then required to put his left palm on the LEDAS device. Participants were instructed to relax, follow the open-eyes directive, and withhold from any movements. In the active group, the LEDAS was turned on for 10 minutes. And it was not turned on in the control group. In the beginning, the testers were relaxed for five minutes to stabilize physiological parameters. The ongoing EEG was then recorded with eyes opened in three stages (6 sessions): before stimulation (baseline 5 min, session 1), during stimulation (LED stimulation, 10 min, session 2 and session 3), after stimulation (post-stimulation, 15 min, and session 4, 5, and 6). The timetable of the protocol in this study is shown in Fig. 2 . 
Statistical analysis
Two-tailed paired t-test was applied to compare the difference of EEG band power before and after LEDAS stimulation from Fp2-F4, F4-C4, C4-P4, P4-O2, Fp1-F3, F3-C3, C3-P3, P3-O1, Fp2-F8, F8-T4, T4-T6, Fp1-F7, F7-T3, and T3-T5 electrodes. All the statistical analyses were executed with the SPSS software. A statistical significance was recognized as p-value <0.05.
Results
The power spectrum maps of the six sessions in one subject of the active group were shown in Fig. 4 (a)-(f) . Figure 4 (a) is the baseline stage; Fig. 4(b) and (c) are stimulation stages. The average power of alpha (8-13Hz) is apparently increased. In the post-stimulation stages (sessions 4-6), activation of alpha power is clearly maintained in these sessions, as shown in Fig. 4(d)-(f) . Meanwhile, the power spectrum maps of the six sessions of the same subject in the control group were shown in Fig. 5(a)-(f) . The average power of alpha (8-13Hz) did not have any apparent change. The average power of each session was normalized by dividing the corresponding data in the first session. The comparisons of alpha2 band power at six recording sites (P3-O1, P4-O2, C3-P3,C4-P4, T3-T5 and T4-T6) between the baseline and each session in the active and the control group are shown in Fig. 6(a), 6 (b), 6(c), 6(d), 6(e), and 6(f). As compared with the baseline data (session 1), the alpha band power in the active group increased significantly in the following sessions (2 to 6) at all the recording sites. Although there are some variations in the alpha band power in the control group, no statistically significant difference were found.
Conclusion
Alpha oscillations always appear in highest amplitude when a subject is awake and relaxed with eyes closed, and is attenuated by opening the eyes and by mental effort, as well as by drowsiness or sleep. The experimental results reveal the power of the alpha band has been enhanced with this LED array which operated in specific frequency 10Hz. Significant activations were found in the parietal lobe 、 the occipital lobe and the temporal lobe (p<0.05). The experimental result reveals that LED almost has the same effect obtained from the laser. This noncoherent light source has the potential to be used in brain wave stimulation. Thus this LEDAS is suitable to as a device that can be used to enhance people's alpha rhythm. The latent effect of LED radiation in this study also can be observed, especially in session 4-6. It means the effect of LED radiation on brain wave can last at least 15 minutes. In the future, the LEDAS will further be applied to do some clinical studies, for example, multiple sleep latent test. Fig. 4 (a) The power spectrum maps of the first session of one subject in active group. 
